A new aci-quinone compound, 4-(aci-nitro)-2-(methoxy)-5-(3-nitro-2-(nitrooxy)propyl)-cyclohexa-2,5-dienone (2), an analog to 4-(aci-nitro)-2-(carboxymethoxy)-5-(3-nitro-2-(nitrooxy)propyl)-cyclohexa-2,5-dienone (1), was successfully synthesized and fully characterized by spectroscopic methods. The reactions of 1 and 2 with various reagents such as hydroxylamine, acetic anhydride, semicarbazide and thiosemicarbazide were examined. The structure of 11 obtained new compounds was established by IR, 1 H NMR, 13 C NMR, HMBC and MS spectra.
INTRODUCTION
l-Hydroxy-2-methoxy-4-allylbenzene, also known as eugenol, the active constituent in Ocimum sanctum L. oil, and tulsi oil, has been found to be largely responsible for the therapeutic potentials of the plants in traditional medicines [1] . The condensation of eugenol and monochloroacetic acid in alkaline medium affords eugenoxyacetic acid (2-methoxy-4-(2-propenyl)phenoxyacetic acid). Eugenoxyacetic acid is known to be a beneficial food additive since it is an odorless, tasteless and non-toxic compound with good antioxidant [2] . It has been reported that eugenoxyacetic acid, 5-nitroeugenoxyacetic acid, their methyl, and their ethyl esters exhibit hypolipidaemic and antiplatelet activity, thus they appear to be potential for the treatment of human hyper-lipidaemia and thrombotic diseases [2] [3] [4] [5] . Methyleugenol (4-allyl-1,2-dimethoxybenzene) is a natural constituent of a number of plants such as cinnamomum cordatum, nutmeg, pimento, lemongrass, tarragon, holy basil, star anise and fennel. It is easily prepared by methylation of eugenol. Methyleugenol is used in perfumery and flavoring [6] , in formulating insect attractants, and as UV absorbers, analgesics, biocides [7] [8] [9] and psychotropic drugs [10] .
Aci-nitro tautomerism are well known, azo-quinone hydrazone tautomers are also studied in several works [11] [12] [13] . Aci-quinone tautomers have been discussed in theoretical researches [14] [15] [16] [17] as very unstable intermediates in explosion of nitrophenols. However, until now, their isolation, characterization and name were almost not performed.
In our previous work [18] the isolation, structure and double tautomerization of an aci-quinone compound, 4-(aci-nitro)-2-(carboxymethoxy)-5-(3-nitro-2-(nitrooxy)propyl)-cyclohexa-2,5-dienone (1) related to eugenoxyacetic acid have been reported. The aci-quinone 1 was used as the key compound for the synthesis of novel polysubstituted quinolines [19] . Herein another aci-quinone compound, 4-(aci-nitro)-2-(methoxy)-5-(3-nitro-2-(nitrooxy) propyl)-cyclohexa-2,5-dienone (2), was prepared from methyleugenol. Several reactions of 1 and 2 were concomitantly studied as *Address correspondence to this author at the Department of Chemistry, Hanoi National University of Education, Hanoi, Vietnam; Tel/Fax: +0084-437547823, +0084-437547823; E-mail: nguyenhuusp@yahoo.com well. The products of these reactions can be used for the preparation of aza-and sulfur-heterocycles.
RESULTS AND DISCUSSION
Aci-quinone 2 was prepared by treatment of methyleugenol with excess nitric acid in the acetic acid according to the procedure described for the preparation of aci-quinone 1 [18] . The formation of aci-quinone 2 can be briefly explained as shown in Scheme 1. The numeration in the formulas is given specially for NMR analysis only.
As known, aci-quinone structure is very unstable [14] [15] [16] [17] . It was surprising that after reflux of an ethanol solution of aci-quinone 1 for an hour we obtained both 3, an ethyl ester in aci-quinone form (Scheme 2) in 30% yield, and 3a, an ethyl ester in nitro-phenol form in 23% yield. When an ethanol solution of 3 and N 2 H 4 .H 2 O was refluxed for an hour, we obtained only hydrazide 4 in nitrophenol form in 42% yield. When 1 was stirred in aqueous solution of HONH 2 .HCl and AcONa, we obtained 5, a product of the replacement of -ONO 2 by -NHOH instead of an oxime of the aciquinone (Scheme 2).
The convincing evidences for aci-quinone structure of 2 and 3 are as follows: The medium absorption bands at 1632, 1640 cm -1 in IR spectra of 2, 3, respectively, and the 13 C signals at 178.4, 178.2 ppm in the spectra of 2, 3, respectively, show the presence of the quinone carbonyl group in 2 and 3; the absorption band at 364 nm ( = 8250) in UV-Vis spectrum of 2 (whereas p-nitrophenol absorbs at 318 nm) indicates a quinoid chromophore; the strong upfield shift of H-3 and H-6 in 2 and 3 as compared to those in 4 -12 (Tables 1 and 2) is consistent with the quinoid structure in 2 and 3 and the benzenoid structure in 4 -12. In the negative mode ESI MS of 2 there is no [M-H + ] peak at m/z 317 au but there is [M-HNO 3 -H + ] peak at 253 au as the base peak. It is possible that 2 was converted into the more stable form (a nitrophenol conjurated with the side chain) and the phenolic proton was lost as shown in Scheme 3. In addition, the similarity in 1 H NMR spectra of 2, 3 and 1 (previously reported [18] ) indicates that they have the same aci-quinone structure. The absence of the signals of the ethyl group, the presence of the broadened signal of the NH 2 
Reaction of Aci-quinones 1 and 2 with Acetic Anhydride
It has been reported that 1,4-benzoquinone reacts with acetic anhydride and sulfuric acid to give the triacetate of hydroxyquinol [20] . Being heated in acetic anhydride and concentrated H 2 SO 4 , 1 and 2 were transformed into the corresponding nitro-phenol compounds. Subsequently, the phenolic hydroxyl group was acylated, followed by the replacement of the nitrate group to give 6a and 6, respectively (Scheme 4). Compound 6a was identified as 2-acetoxy-4-(2-acetoxy-3-nitropropyl)-5-nitrophenoxyacetic acid, which had been isolated and characterized [18] . The structure of compound 6 was examined by IR and NMR spectroscopic methods (see Experimental section and Table 1 ). For instance, in the IR spectrum of 6 there are two bands at 1742 and 1750 cm -1 for two ester C=O groups, in the 13 C NMR of 6 there are four characteristic signals of two acetoxy groups: the first at 168.0 (C=O), 20.1 (CH 3 ) and the second at 169.1 (C=O), 20.3 (CH 3 ) ppm.
Reactions of Aci-quinones 1 and 2 with Semicarbazide
It is known that the formation of oximes, phenyl-hydrazones, and semicarbazones are common to ketones and quinones When stirring 1 and 2 in aqueous solution of H 2 NNHCONH 2 .HCl and AcONa at room temperature, instead of semicarbazones of the aciquinones, we received compounds 7 and 8, respectively, with the replacement of -ONO 2 by -NHNHCONH 2 . On the other hand, when heating DMSO solutions of 1 and 2 with H 2 NNHCONH 2 .HCl at 70 o C, we received compounds 9 and 10, respectively (Scheme 5).
The NMR data show some distinctive features for compounds 9 and 10 in comparison to those of 7 and 8. Firstly, in the 1 H NMR spectra of 7 and 8, there are five protons H-7a, H-7b, H-8, H-9a and H-9b attached to the three carbon atoms of the propyl side chain, whereas the 1 H NMR spectra of 9 and 10 show only three protons H-7, H-8 and H-9 ( the side chain (C-7, C-8, C-9) of 7 and 8 lie in the sp 3 -carbon region (smaller than 80 ppm), whereas the three carbon signals in the side chain of 9 and 10 lie in the sp 2 -carbon region (greater than 110 ppm) (see Experimental section). In particular, in the HMBC (Heteronuclear Multiple Bond Correlation) spectrum of 9 as well as in the HMBC spectrum of 10 there is a cross peak between proton HN and C9. This indicates that the semicarbazide moiety is bound up with C-9 to the side chain of 9 and 10.
The presence of -NHNHCONH 2 at C-8 in 7 and 8 is shown by the appearance of three proton signals of CO-NH, C8-NH and CO-NH 2 (see Table 2 ). The presence of =NNHCONH 2 at C-9 in 9 and 10 is shown by the appearance of two proton signals of CO-NH, CO-NH 2 (see Table 2 ).
The formation of 9 and 10 can be explained as follows: When being heated with H 2 NNHCONH 2 .HCl, HNO 3 was eliminated from the molecules of 1 and 2, resulting in the formation of the corresponding aci-compounds a1 and a2. These two compounds undergo the Nef reaction to give the unisolated intermediate aldehydes b1 and b2. The following condensation of b1 and b2 with semicarbazide afforded the aldohydrazones 9 and 10 as shown in Scheme 6.
Reaction of Aci-quinones 1 and 2 with thiosemicarbazide
By heating DMSO solutions of 1 or 2 and H 2 NNHCSNH 2 at 70 o C, we obtained compounds 11 and 12, respectively (Scheme 7).
In the IR spectra of 11 and 12, there are narrow bands at 3320, 3177 and 3330, 3175 cm -1 , respectively, showing the presence of NH groups. The 1 H and 13 C signals of 11 and 12 were assigned using their HMBC spectra. The chemical shift and multiplicity of the resonance signals of H3, H6, H7, H8, H9, H10 and NH of 11 and 12 are similar to those of 9 and 8, respectively (see Table 2 ). The two protons of the H 2 N-C=S group of 11 and 12 become nonequivalent ( Table 2 ) since one of them forms intramolecular hydrogen bond with =N-C9 and NC-8, respectively (see Scheme 7).
The formation of 11 and 12 can be explained as follows: The -OCH 2 COOH group of 1 affords enough H + as the catalyst for the elimination of HNO 3 , for the Nef reaction in the side chain and for the condensation of the generated aldehyde with thiosemicarbazide, leading to the formation of 11 (similarly in Scheme 6). Whereas in the absences of H + , thiosemicarbazide, a nucleophile, replaces the nitrate group in the side chain of 2 to give 12.
The typically high coupling constant of the two protons H-7 and H-8 ( 3 J H7,H8 = 16 Hz) in 9, 10 and 11 (Table 2 ) reveals the transconfiguration of the C-7=C-8 double bond in these compounds.
EXPERIMENTAL General
Melting points were measured using a Galenkamp capillary melting point apparatus and are not corrected. C, H and N were analyzed on a LECO CHNS model 932 elemental analyser. The IR spectra were recorded on an IMPACK-410 NICOLET spectrometer, in KBr plates, in the range 400 -4000 cm -1 . The UV-Vis spectra were recorded on a UV-Vis spectrophotometer 2800. MS spectra were acquired on a LC/MS/MS Waters-API-ESI. The NMR spectra were recorded on a Bruker AVANCE 500 MHz, all at 298 -300 K, in d 6 -DMSO, with TMS as the internal standard.
Preparation 4-(aci-nitro)-2-(carboxymethoxy)-5-(3-nitro-2-(nitrooxy)-propyl)cyclohexa-2,5-dienone (1).
This compound was obtained by treating eugenoxyacetic acid with excess amounts of nitric acid in acetic acid [18] .
4-(aci-nitro)-2-(methoxy)-5-(3-nitro-2-(nitrooxy)-propyl)-cyclohexa-2,5-dienone (2).
To a solution of methyleugenol (17.8 g, 0.1 mol) in glacial acetic acid (50 mL) was slowly added HNO 3 (20mL, D = 1.41 g/mL). The reaction mixture was allowed to stand at -5 ÷ 0 o C for 4 h and at room temperature for additional 4 h. The yellow solid was collected by filtration, washed with ethyl acetate, diethyl ether and then dried under reduced pressure at 40 o C for 2 h to give 15.8 g of 2 in 50% yield, 2 was not melt but decomposed at 160 o C. The yellow color of 2 slowly changed on standing in air. IR ( cm -1 ): 3505 (O-H); 3031, 2954 (C-H); 1632 (quinone C=O); 1604 (quinone C=C), 1600, 1520 (N=O).
1 H NMR see Table 1 . 13 
Reaction of 1 with ethanol.
A mixture of 1 (3.61 mg, 1 mmol) in absolute ethanol (5 mL) and H 2 SO 4 (1 drop) was refluxed for 1 h. The precipitate was filtered out and recrystallized from EtOH/H 2 O 1:1 (by volume) to afford 3a, yield 23 %, 80 mg. This compound was identified as ethyl 2-hydroxy-4-(2-hydroxy-3-nitropropyl)-5-nitrophenoxyacetate, which was identical to the one reported [18] . The filtrate was allowed to stand at room temperature for 24 h. The resulting yellow crystals were collected and washed with ethyl acetate and diethyl ether to give 4-(aci-nitro)-2-(carbethoxymethoxy)-5-(3-nitro-2-(nitrooxy)propyl)cyclohexa-2,5-dienone (3), yield 30%, 104 mg, decomposed at 150 o C. IR (cm -1 ): 3452 (O-H); 3074, 3046, 2932 (C-H); 1752 (ester C=O); 1640 (quinone C=O); 1600 (quinone C=C); 1565, 1517 (N=O).
1 H NMR see Table 1 . Table 1 . 13 C NMR, C (assigned according to the HMBC spectrum): 146.7 (C-1); 164.1 (C-2); 122.1 (C-3) 1 H NMR see Table 1 . 13 1 H NMR see Table 1 . 1 H NMR see Table 2 . 13 1 H NMR see Table 2 . 13 Table 2 . 13 1 H NMR see Table 2 . 13 1 H NMR see Table 2 . 13 
Reaction of 2 with thiosemicarbazide in DMSO.
The reaction was carried out with 2 (317 mg, 1 mmol) and NH 2 CSNHNH 2 (182 mg, 2 mmol) according to the procedure described in the preparation of 11 to afford 2-(1-(5-hydroxy-4-methoxy-2-nitrophenyl)-3-nitropropan-2-yl)hydrazinecarbothioamide (12) Table 2 . 13 C NMR, C (assigned according to the HMBC spectrum): 146.4 (C-1); 151.9 (C-2); 118. 
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